Objective: To determine the baseline prevalence of tuberculosis (TB) in a cohort using a strategy of intensive pretreatment screening for TB and the subsequent incidence rate and temporal distribution of cases during the first year of antiretroviral therapy (ART).
Introduction
Tuberculosis (TB) is a key challenge for antiretroviral treatment (ART) services in sub-Saharan Africa [1] [2] [3] . Among patients enrolling for ART, the prevalence of disease at baseline and the subsequent incidence rate during the initial months of ART are both very high [1, 2, 4] . Thereafter, incidence rates fall steeply as CD4 cell counts improve [1, 2, 4, 5] . Both prevalent and early incident TB cause much morbidity, complicate delivery of ART and are associated with substantial mortality [1, 2, [6] [7] [8] [9] . In addition, there is high risk of nosocomial TB transmission in ART clinics [10, 11] . Strategies to reduce the impact of TB are urgently needed.
The WHO '3Is' strategy aims to reduce the burden of TB in people living with HIV through implementation of intensified case finding, infection control and isoniazid preventive therapy [12] . Intensified case finding permits early case detection and treatment of active cases and may thereby reduce morbidity, mortality and TB transmission risk in ART services. However, the yield and associated benefits of intensified case finding may vary greatly according to the screening strategy used, patient CD4 cell count and the diagnostic tests available [13, 14] . Patients enrolling for ART in Africa typically have advanced immunodeficiency and available TB diagnostics are often very limited. Most disease is sputum smear-negative culture-positive and diagnosis is therefore very challenging [15] [16] [17] [18] .
Our hypothesis a priori was that routine systematic intensive screening of all patients using automated liquid culture of sputum samples would identify a high yield of prevalent TB at baseline and that much of the burden of incident TB cases presenting during the initial months of ART would be detected as prevalent disease at baseline. We therefore examined the yield of intensive TB case finding at baseline among patients enrolling in a well characterized ART cohort in South Africa and the subsequent incidence and temporal distribution of TB cases during the first year of treatment.
Methods

Setting
This study arises from a body of research conducted in a South African ART cohort aiming to ascertain the true burden of TB disease, identify optimal means of screening for TB in those preparing for ART, evaluate new TB diagnostics and ascertain the impact of these interventions on patient outcomes. Data from these studies have been previously been reported in part elsewhere [17, 19] .
The ART cohort is based in Gugulethu township in Cape Town where the HIV prevalence and TB notification rate are very high [1, 20] . The national ART programme provided treatment for those with WHO stage 4 disease or a blood CD4 cell count less than 200 cells/ml. The extraordinarily high burden of TB diagnosed during routine clinical practice in this service has been previously characterized in detail [1, 4, 17, 21] . All patients gave written informed consent and this study was approved by the Research Ethics Committee of the Faculty of Health Sciences of the University of Cape Town.
Patients, laboratory investigations and follow-up
Eligible patients were ART-naive adults (18 years of age) referred to start ART and who did not have a current diagnosis of TB. As previously described, the time between enrolment of a patient in this service and initiation of ART is typically 28 days, permitting thorough evaluation of patients for possible active TB and other co-morbidity as well as preparation for ART [20] .
Patients completed a symptom-screening questionnaire and chest radiographs were submitted for specialist reporting. All patients provided two sputum samples, with one or both being induced using nebulized hypertonic (3%) saline. Further investigations such as abdominal ultrasonography, lumbar puncture and fine-needle aspiration of lymphadenopathy for cytology were done when required. Outcomes of all patients were prospectively recorded in a research database as previously described [1, 20] .
Sputum samples were analysed within accredited laboratories using standardized protocols and quality control procedures as described elsewhere [17, 22] . In brief, centrifuged sputum deposits were examined for acid-fast bacilli (AFB) using auramine O fluorescent stain and cultured using mycobacterial growth indicator tubes (MGIT; Becton-Dickinson, Sparks, Maryland, USA). Positive cultures were speciated and isolates of Mycobacterium tuberculosis underwent spoligotyping to assess possible cross-contamination.
Definitions
Prevalent TB was defined as all TB diagnoses established in the interval between enrolment and initiation of ART; TB diagnoses established during early ART, but for which symptoms were present and investigations were initiated before starting ART; and TB diagnoses established during early ART in asymptomatic patients with positive baseline sputum cultures and who remained asymptomatic at the time of cultures were identified as positive. Incident TB was defined as occurring in patients with new TB diagnoses for which symptom onset and date of diagnosis were both after ART initiation.
Culture-positive TB was diagnosed on the basis of at least one positive culture of M. tuberculosis. Diagnoses of sputum culture-negative TB were based on negative smears and cultures for M. tuberculosis in the context of clinically and radiologically compatible illness that did not respond to administration of simple antibiotics but did respond to subsequent antituberculosis treatment. Diagnosis of extrapulmonary TB was based on a combination of clinical, radiological, histopathological findings and response to antituberculosis treatment.
Data analysis
Data were analysed using STATA version 10.0 (STATA, College Station, Texas, USA). Wilcoxon rank-sum test, x 2 -test and Fisher's exact test were used to compare medians and proportions as appropriate. We calculated TB incidence rates from ART initiation. Person-time was censored at death, loss to follow-up or after 12 months of ART and person-time accrued during TB treatment was excluded from the time denominator. Rates, rate ratios and 95% confidence intervals were calculated. A Kaplan-Meier plot of TB-free survival through time was used to illustrate the temporal distribution of incident TB cases. All statistical tests were two-sided at a ¼ 0.05.
Results
Patient characteristics and tuberculosis diagnoses Patients (n ¼ 241) who were screened for TB had a median age of 33 years [interquartile (IQR) 29-39 years] and 72% were women, 14% of whom were pregnant. The median CD4 cell count was 125 cells/ml (IQR 70-186) and 54% had WHO stage 3 or 4 disease. ARTwas started by 200 (83%) patients after a median of 29 days (26-56 days) from enrolment. ART was not started by 41 (17%) patients because of death (n ¼ 8), ART ineligibility (n ¼ 5), loss to follow-up (n ¼ 18) or transfer-out to another ART clinic (n ¼ 10).
TB was diagnosed in 87 (36%) patients between enrolment and completion of 1 year of ART. Pulmonary involvement was observed in 77 (89%) patients. Of these, 63 (82%) patients were culture-proven, but only 11 (14%) were sputum smear-positive. The median time to culturepositivity was 22 days (18-29 days). Molecular fingerprinting of cultured isolates of M. tuberculosis provided no evidence of cross-contamination. Disease was exclusively extrapulmonary in 10 (11%) patients, which was characterized as either pleural (n ¼ 5), abdominal (n ¼ 2), peripheral lymphadenopathy (n ¼ 1), a psoas abscess (n ¼ 1) or septic arthritis (n ¼ 1).
Prevalent tuberculosis
The vast majority (n ¼ 76; 87%) of TB cases diagnosed were prevalent disease detectable at baseline with a prevalence of 31.5% (Table 1) . Patients with prevalent TB tended to have lower CD4 cell counts, more advanced WHO stage of disease and higher viral loads at baseline compared with those who remained TB-free. The sensitivity of symptom screening was poor with cough for 2 weeks or more, sputum production, significant recent weight loss, fever and night sweats having sensitivities for prevalent TB of 39, 34, 58, 21 and 39%, respectively. Use of a combined screening of any one of these symptoms had a sensitivity of 77% [95% confidence interval (CI) 66-86] and a specificity of 42% (95% CI 34-50).
Only 59% of those who had prevalent TB at baseline remained in this service alive on ART at the end of 1 year compared with 73% of those who did not have prevalent TB (P ¼ 0.024) ( Table 1) . Of the eight patients who died prior to ART initiation, six (75%) had prevalent TB and of the 18 patients lost to follow-up pre-ART, nine (50%) had prevalent TB. Those with prevalent TB were more likely to die or be lost to follow-up pre-ART compared with those who remained TB-free (19.7 versus 8.4%, respectively; P ¼ 0.018). Five patients with prevalent TB developed paradoxical TB immune reconstitution disease during ART as described previously [17] . However, no cases of incident TB were associated with immune reconstitution disease.
Incident tuberculosis
During ART, only 11 cases of incident TB were diagnosed, accounting for just 13% of total TB diagnoses ( Table 1) . A Kaplan-Meier plot showed that, in marked contrast to previous observations in this cohort [1, 4] , these cases were evenly distributed during the first year of ART (Fig. 1) . The median duration of ARTat the time of symptom onset was 5.1 months (IQR 1.4-9.1 months). The overall TB incidence rate was 9.2 cases per 100 person-years (95% CI 5.1-16.6). The rate in months 0-4 of ARTwas 10.9 cases per 100 person-years (95% CI 4.6-23.3) and was similar to the rate of 8.1 cases per 100 person-years in months 5-12 of ART (95% CI 3.6-18.0).
Discussion
We have previously documented the enormous burden of TB diagnosed in this South African ART service under routine programme conditions during which investigations for TB are usually initiated based on clinical suspicion [1, 4] . However, in this study, all patients, regardless of clinical status, were systematically investigated at baseline for TB using automated liquid sputum culture. A TB diagnosis was made in over one-third of patients between enrolment and up to 1 year of ART. However, the vast majority of these diagnoses (87%) were prevalent disease detectable at baseline with a prevalence of 31.5%. The data from this study suggest that many incident cases of symptomatic TB presenting during early ART can be detected as prevalent disease at baseline by routine screening using sensitive diagnostic tests.
Previous data from this cohort have suggested that, under routine programme conditions, approximately 40% of TB TB screening prior to ART Lawn et al. 1325 cases presenting in the first 4 months of ART are due to ART-induced 'unmasking' of subclinical active TB that was not diagnosed at baseline [4] . The present data are entirely consistent with this, showing that with use of a routine intensive screening strategy, the TB incidence rate in this period (10.9 cases per 100 person-years) was approximately two-fold lower than previously observed [1, 4] . This suggests that approximately half the incident TB cases that present during months 0-4 of ART under routine programme conditions can be diagnosed at baseline by effective screening. Expediting the diagnosis of these cases in this way would explain the strikingly even temporal distribution of TB cases that was observed during the first year of ART.
TB diagnosis remains a huge challenge in this clinical setting. Symptom screening and sputum microscopy were very insensitive as reported in a similar study from elsewhere in South Africa [18] . Most cases in the present study were sputum smear-negative culture-positive and 32% of culture-confirmed pulmonary TB cases in this cohort have an entirely normal chest radiograph [19] . Using a large meta-analysis of studies, a symptomscreening algorithm has been developed by the WHO and Centers for Disease Control and Prevention to identify TB suspects among HIV-infected patients [23] . However, the very low specificity of this algorithm in those with CD4 cell counts less than 200 cells/ml results in the need to investigate most patients. Furthermore, limited sensitivity also results in some cases being missed. 1326 AIDS 2010, Vol 24 No 9 Table 1 . Characteristics and outcomes of patients who remained tuberculosis-free throughout the study period or who were diagnosed as having either tuberculosis at baseline (prevalent tuberculosis) or tuberculosis presenting during antiretroviral therapy (incident tuberculosis). In light of these observations and the extremely high TB prevalence, there is a strong rationale for routine culturebased screening at the first ART clinic visit in this setting. Availability of culture-based TB diagnosis is currently extremely limited in sub-Saharan Africa, but there is an international policy initiative for this to be expanded [24] .
In sub-Saharan Africa, mortality is extremely high in patients just prior to starting ART and during the initial months of treatment [25] ; two key causes of death are TB and cryptococcal disease. The present data and those from a study of screening for cryptococcal antigenaemia [26] suggest that baseline screening for these diseases may be key interventions to address this. It was striking that of 75% of pre-ART deaths in this study had culture-proven prevalent TB. This is consistent with previous observations that a large proportion of patients dying with HIV/AIDS in sub-Saharan Africa have active TB [27, 28] .
Despite high sensitivity, automated liquid sputum culture was slow with a median time to a positive result of over 3 weeks. This is likely to reflect very low mycobacterial numbers in sputum samples and the time to positivity needs to be shortened, for example, by using simple growth supplementation in the culture medium [29] . Availability of novel rapid diagnostic assays for routine screening such as urine lipoarabinomannan detection [17, 30] or nucleic acid amplification tests [16] may further expedite diagnosis and treatment initiation and thereby avert some of these deaths. However, diagnostic sensitivity remains a key challenge in this patient group.
Although clinical observation suggests that the majority of cases of 'unmasking TB' have an unremarkable presentation [31] , a minority of cases may be severe and even result in death from immune reconstitution disease [32, 33] . This complication might be effectively prevented by baseline screening. The frequency of paradoxical immune reconstitution disease events occurring among TB cases identified using this screening strategy was broadly similar to that described previously in this cohort [21] .
Nosocomial TB transmission poses a grave threat to ART services in Africa, especially with regard to multidrugresistant TB [10, 11] . Early case detection through baseline screening is clearly one of the most important strategies to address this. Studies are needed to quantify the overall costs and benefits of routine TB screening in this clinical setting.
Strengths of this study include the well characterized study cohort in which the TB disease burden has previously been described in detail. Most TB cases were culture-proven. Weaknesses include the absence of a direct comparator group in which intensive screening was not used. Although the overall cohort size was small, the disease frequency was very high. The overall impact of routine screening on clinical management, mortality and nosocomial TB transmission risk remains to be quantified in future studies.
In summary, a large majority of the TB diagnosed during the first year of ART in this setting can be detected as prevalent disease at baseline using a strategy of systematic screening using sensitive diagnostics. Sputum culturebased screening should be used more widely in this clinical setting pending development of simpler and more rapid diagnostic assays.
